Measurements have been made of the influence of pressure on the stretching and bending frequencies of hydrogen bonds in a further series of 15 solid compounds. Two exceptions have been found to the general rule that an increase of pressure decreases the X-H stretching frequencies of weak and medium-strength X-H. 3 .Y bonds. Possible explanations are offered of the exceptions.
In earlier papers in this series'-3 we reported measurements of the influence of pressure on the infrared vibrational spectra of polycrystalline solids containing the The compounds are listed in Table 1 . The first eleven, which are disubstituted derivatives of benzene, have been shown by Bridgman4 to be free of high-pressure phase transitions below 40 kbar (1 kbar = lo8 Pa -986.92 atm). The spectra of all the compounds except compound 15 (which gave evidence of a phase transition) changed smoothly with increasing pressure, and Table 1 shows the frequency shifts that occurred for the hydrogen-bond stretching and bending bands between 0 and 40 kbar. The assignments are those of VarsBnyi5 for compounds 1-9 and 11 ; of Newman and Badger6 for compound 12; of Marzocchi and Castellucci7 for compound 15, and our own for compounds 10, 13 and 14. Table 1 also shows the lengths R of the hydrogen bonds, where these have been measured.
The hydrogen bonds of the compounds in Table 1 are either weak or of medium strength and, for the reasons outlined we expected their stretching frequencies to decrease and their bending frequencies to increase with increasing pressure. Wherever changes occurred they were in agreement with those expectations, except in the case of the stretching frequencies of compounds 4, 5 and 9. It is doubtful whether the increase of 1 cm-' for the 3455-cm-I band of compound 9 is significant, and that band may in any case arise from an N-H group which is not hydrogenbonded, but the increases of frequency for compounds 4 and 5 were unmistakable and certainly related to hydrogen-bonded groups. Although we are not sure of the exact reasons for these exceptions to the general rule, we can suggest two possible explanations. First, there is an implicit assumption in our simple theoretical model1 that an increase of pressure causes a decrease of the X . . .Y distance in a solid with X-He .Y bonds. That seems a generally plausible assumption, but it is not necessarily valid in all cases. Although there is a thermodynamic requirement that the total volume of a stable solid decrease with increasing pressure, there is no theoretical requirement that all the interatomic distances should decrease, and quite simple solids such as hexagonal selenium and tellurium have been found to expand along one of their axes when they are compressed, the expansion in that direction being counterbalanced by much larger contractions along the other axes.' It is known that hydrogen-bonded solids have highly anisotropic compressibilities-for instance compounds 14 and 15 of Table 1 are many times less compressible in the planes of their hydrogen bonds than at right angles to those planesg-and there may well be cases where the X. . Y distance actually increases with increasing pressure. Unfortunately nothing is known about the compressional anisotropy of compounds 4 and 5, but it may be significant that the three aminophenols are the least compressible, in the range 0-40 kbar, of all but one of the 54 non-ionic disubstituted derivatives of benzene that Bridgman4 examined. The second possible explanation is that compression may cause bending and consequent weakening of the hydrogen bonds (the N-H . . -0 bonds in m-aminophenol are already considerably bent at normal pressurelo).
To decide between these possibilities, and others, would require a high-pressure X-ray diffraction study of the aminophenols.
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